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CaO-catalyzed preparation of isophoronenitrile 



The present invention relates to a process for preparing isophoronenitrile by adding HCN 
to isophorone and using CaO as a catalyst. 

The addition of HCN to isophorone is a reaction known per se. This is illustrated in the 
following equation (I). 




The reaction proceeds in the presence of a catalyst whose properties are critical for a 
successful execution of the addition reaction. The task of the catalyst is to form cyanide 
ions from the HCN in an amount at which the desired addition proceeds in high yield and 
selectivity. The catalyst has to immediately react the added amount of HCN with the 
isophorone. This amount must not be too low, since long reaction times would otherwise 
be necessary to achieve an acceptable yield. In addition, when the reaction time is too long 
and the cyanide ion concentration too low, decomposition of the isophoronenitrile formed 
to isophorone and HCN occurs. When there is too high a steady state concentration of 
HCN, which may of course also result from too rapid dropwise addition or the presence of 
an unsuitable catalyst, polymerization of HCN occurs which is therefore lost to the further 
reaction. A further undesired side reaction is the dimerization of isophorone to 
diisophorone in the presence of bases. The diisophorone can then, especially at high 
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leaction temperatures and relatively long reaction time, polymerize and be lost as starting 
material. 

The catedysts which are used are generally bases which form cyanide ions with the HCN 
5 under reaction conditions. 

The prior art discloses the use of various bases. 

DE-B 1 085 871 describes a process for adding HCN to cyclic ketones, including 
10 isophorone. The catalysts used in the addition are strongly alkaline catalysts which form 
cyanide ions. These are alkali metals and their carbonates, alkaline earth metals and alkali 
metal and alkaline earth metal alkoxides, oxides, hydroxides, peroxides and cyanides, 
tertiary amines and quatemary ammonium bases. Typical examples of catalysts which may 
be used include sodium, potassium, lithium, sodium methoxide, potassium butoxide, 
15 lithium ethoxide, magnesium ethoxide, sodium oxide, potassium hydroxide, calcium oxide, 
barium hydroxide, strontium hydroxide, sodium peroxide, magnesium peroxide, potassium 
cyanide, lithium cyanide, barium cyanide, magnesium cyanide, sodium carbonate, 
potassium carbonate, trimethylamine, triethylamine, triethanolamine, octyldimethylamine, 
N-methylmorpholine, benzyltrimethylammonium hydroxide, dibenzyldimethylammonium 
20 hydroxide and dodecenyltriethylammonium hydroxide. 

DE-B 1 240 854 discloses a process for preparing isophoronenitrile by adding HCN to 
isophorone, in which an silkaline catalyst is used in amounts of < 10"^ to 10'^ % by weight 
and operation is effected in the absence of a solvent. Alkali metal cyanides, hydroxides and 
25 alkoxides are specified as particularly suitable catalysts, and the examples describe the use 
of NaOH and sodium methoxide. 

EP-A 0 443 615 discloses carrying out the addition of HCN to isophorone using LiOH as a 
catalyst, which is said to achieve advantageous results. 

30 

The catalyst used in the process described in US 5,183,915 for adding HCN to isophorone 
is an onium salt of nitrogen, phosphorus or arsenic with cyanide as the counterion. 

Catalysts which can be used in the reaction disclosed in US 5,235,089 for preparing 
35 isophoronenitrile by adding HCN to isophorone are catalysts selected from the group 
consisting of lithium hydroxide, lithium hydroxide monohydrate, lithium cyanide or 
solutions thereof. 
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According to EP-A 0 554 786, the base-catalyzed reaction of isophorone with HCN is 
carried out in two separate reaction zones, one reaction zone having substantially complete 
backmixing and the other having substantially no backmixing. Useful basic catalysts are all 
5 substances which form cyanide ions from HCN under the reaction conditions, for example 
hydroxides, cyanides and alkoxides of alkali metals and alkaUne earth metals, and 
quatemary ammonium compounds. Preference is given to using alkali metal C1-C4- 
alkoxides such as sodium methoxide, sodium ethoxide, poteissium methoxide, potassium 
tert-butoxide or lithium methoxide. 

10 

EP-A 0 671 384 discloses the use of certain organic ammonium catalysts in the reaction of 
HCN with isophorone to give isophoronenitrile. 

Finally, in accordance with the teaching of EP-A 0 985 659, the base used in the addition 
15 of HCN to isophorone is the betaine l,3-dimethylimidazolium-4-carboxylate. 

However, there is still a need for catalysts for the addition of HCN to isophorone which are 
inexpensive and provide high yields and also selectivities. 

20 It is an object of the present invention to provide such a catalyst. 

We have found that this object is achieved by the use of CaO having a BET surface area of 
> 1.5 m^/g in the addition of HCN to isophorone to achieve such high selectivities and 
yields. This provides a further catalyst for the reaction mentioned. 

25 

The catalyst which also finds use in the building industry can be obtained inexpensively in 
large amounts. It has also been found that the CaO used has a high activity. In general, the 
achievable space-time yields are higher than in the case of catalysts which are 
approximately comparable in price, such as LiOH, NaOH and also NaOMe. The activity is 
30 often even above that of the more complex and expensive catalysts which are mentioned in 
the above-cited documents. Finally, the selectivities which can be achieved are also high at 
from about 98 to 99% with regards to HCN and from 98 to 99% with regards to 
isophorone. 

35 In order to be suitable for use in the addition of HCN to isophorone, the CaO used in 
particular has to have a high BET (Brunauer Emett Teller) surface area of > 1.5 mVg. Even 
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better results are obtained when a CaO having a BET surface area of > 2.0 mVg, in 
particular > 2.3 mVg, is used. 

It has also proven advantageous when the CaO used only has a low content of impurities. 
5 The CaO should have a purity of > 96%, preferably > 97%, in particular > 98%. 

The process according to the invention is carried out at a temperature of from 100 to 
200°C, preferably from 140 to 190°C, in particular from 150 to 170°C, and atmospheric or 
at elevated pressure. Preference is given to carrying out the reaction at a pressure of from 1 
10 to 10 bar, in particular from 1 to 3 bar. The amount of CaO used is from 2000 to 10000 
ppm, preferably from 3000 to 6000 ppm, based on the total amount of the reactants. 
Suitable qualities of CaO are obtainable, for example, from Honeywell under the 
specification E529 (BET surface area 2.7 mVg) and Schaferkalk under the specification 
PRECAL 30 S (BET surface area 2.4 m^/g). 

15 

Since, as already mentioned, the HCN must not be added in such a way that there is an 
amount (which is not converted to cyanide ions and does not directly add to isophorone) 
sufficient for polymerization in the reaction mixture, the rate of metered addition of HCN 
to isophorone selected must not be too high. 

20 

Owing to the necessary, low HCN concentrations, the initial charging of HCN with 
subsequent addition of isophorone is not viable. Therefore, at least a portion of the 
isophorone is always initially charged and the HCN is added at a temperature at which the 
addition to isophorone occurs at the desired rate. The catalyst also has to be present. HCN 
25 must also not be added too slowly, since, especially at high reaction temperatures, 
isophoronenitrile decomposes to reform HCN and isophorone. 

Generally, the process according to the invention is carried out in such a way that an 
excess of isophorone is used, since this achieves a higher selectivity for isophoronenitrile. 

30 In general, the molar isophorone/HCN ratio is > 1. For a favorable space-time yield, the 
isophorone excess should be kept as small as possible. Preferably, values of from 1.2 to 2, 
in particular from 1.3 to 1.5, should be maintained. The entire amount of isophorone can be 
initially charged and brought to the desired reaction temperature, before the HCN is added 
in the presence of the catalyst. It has proven favorable to initially charge a portion of the 

35 isophorone and, after heating to reaction temperature, to add a mixture of isophorone and 
HCN in a suitable ratio in the presence of the catalyst until the reaction is over. This ratio 
is preferably approx. 1:2. The catalyst may already be present during the heating of the 
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isophorone. In contrast to the customary catalysts used according to the prior art, especially 
alkali metal salts, there is only insignificant polymerization of isophorone, if any. 
However, preference is given to heating a portion of the isophorone to the reaction 
temperature and adding the CaO afterwards. This allows any polymerization of isophorone 
5 to be further suppressed. Optionally, a small amoimt of the isophorone/HCN mixture is 
added in this procedure together with the catalyst. 

Depending on the embodiment selected, HCN or an isophorone/HCN mixture is then 
added to the isophorone/CaO mixture having the desired reaction temperature. 

10 

Within the above-specified reaction parameters, the HCN or the isophorone/HCN mixture 
is metered in at such a rate that a sufficiently low steady state concentration of HCN results 
and a high selectivity and also a high conversion to isophoronenitrile are achieved. Only a 
small amount of polymerization of HCN may occur, since this would reduce the 

15 conversion and the selectivity. The exact conditions which have to be observed can be 
determined by those skilled in the art by routine experiments. Preference is given to 
determining the steady state concentrations of unconverted, free HCN and the total 
concentration of cyanide ions (sum of fi^ HCN and cyanide bound as cyanohydrins of 
isophorone and isophoronenitrile) and adapting the reaction conditions until the values lie 

20 within the desired range. The concentrations specified are preferably determined by the 
Volhard and Liebig determinations respectively. 

The process can be carried out batchwise, continuously or semicontinuously, although 
preference is given to the semicontinuous embodiment. 

25 

The process can be carried out with or without addition of a suitable solvent. Preference is 
given to carrying out the reaction without solvent. In the case that a solvent is used, 
suitable solvents are toluene and/or dimethylformamide (DMF), preferably DMF. 

30 After the end of the reaction, the reaction mixture is worked up in a customary manner 
known to those skilled in the art. Excess isophorone is preferably removed by distillation 
and advantageously reused. Afterwards, the isophoronenitrile formed is separated from 
high boilers and catalyst used, preferably likewise distillatively. 

35 The invention is now illustrated in the examples which follow, in which STY means space- 
time yield, IP means isophorone and IPN means isophoronenitrile. 
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Examples 

Example 1 

5 

Isophorone (622 g, 4.5 mol) is initially charged in a stirred tank and heated to 150°C. 
When the reaction temperature is reached, CaO (Honeywell E529; 4.14 g; 4500 ppm, 
based on the total mixture) is added and the metered addition of an isophorone/HCN 
mixture (81 g of HCN, 3 mol; 207.3 g of IP, 1.5 mol) is commenced. After 60 minutes, the 
10 mixture has been metered in and the reaction mixture is maintained at reaction temperature 
for another hour. The HCN conversion is 99.5%. 

To determine the yield and the selectivity, the reaction mixture is fractionally distilled at 
0.1 mbar. Yield of IPN based on HCN: 98.7%; selectivity based on IP: 97.1%. 

15 

Example 2 (comparative example) 

isophorone (865.2 g, 6.27 mol) is initially charged in a stirred tank and heated to 150°C. 
When the reaction temperature is reached, 20% NaOH (5.75 g, 0.34 mol% based on IP) is 
20 added and the metered addition of an isophorone/HCN mixture (1 13.0 g of HCN, 

4.18 mol; 288.5 g of IP, 2.09 mol) is commenced. After 300 minutes, the mixture has been 
metered in and the reaction is maintained at reaction temperature for another hour. The 
HCN conversion is 100%. 

To determine the yield and the selectivity, the reaction mixture is fractionally distilled at 
25 0. 1 mbar. Yield of IPN based on HCN: 94. 1%; selectivity based on IP: 96.3%. 

Example 3 (comparative example) 

Isophorone (865.2 g, 6.27 mol) is initially charged in a stirred tank and heated to 150°C. 
30 When the reaction temperature is reached, LiOH (0.98 g, 0.48 mol% based on IP) is added 
and the metered addition of the isophorone/HCN mixture (113.0 g of HCN, 4.18 mol; 
288.5 g of IP, 2.09 mol) is conunenced. After 300 minutes, the mixture has been metered 
in and the reaction is maintained at reaction temperature for a further 2.7 hours. The HCN 
conversion is 99.5%. 

35 

To determine the yield and the selectivity, the reaction mixture is fractionally distilled at 
0.1 mbar. Yield of IPN based on HCN: 80.5%; selectivity based on IP: 95.4%. 



I 
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As examples 1 to 3 show, the best selectivities and jdelds are achieved using CaO. The 
longer metering times in the case of NaOH and LiOH additionally point to a lower activity 
of the catalyst. 

5 Example 4 

A series of experiments was carried out using CaO (Honeywell E529) as the catalyst to 
determine the best reaction conditions. A portion of the isophorone used in excess was 
initially charged, a portion metered in in a mixture with HCN. In all experiments, the same 
10 amount of feed (103.5 g of IP, 0.75 mol; 40.5 g of HCN, 1.5 mol) was used. The remaining 
amount of isophorone (variable) served as the initial charge. 

When the reaction temperature was reached, CaO was added to the initially charged IP and 
the metered addition of the IP/HCN mixture over different periods was commenced. The 
15 total reaction time was 180 minutes. 

The selectivities based on both starting materials .were subsequently determined by gas 
chromatography. The results are reported in the following table 1: 



No. 


T[°C] 


Isophorone/HCN 
molar ratio 


Metering 
time [min] 


CaO 
[ppm] 


S(HCN) 


S(IP) 


1 


155 


1.5 


100 


3750 


99.0 


97.7 


2 


155 


1.33 


120 


3750 


98.1 


97.5 


3 


165 


1.2 


84 


4100 


95.9 


99.9 


4 


165 


1.33 


84 


3750 


97.5 


99.0 


5 


175 


1.33 


80 


3750 


97.1 


98.2 


6 


175 


1.33 


65 


3750 


97.3 


98.6 



Table 1 : Reaction of isophorone with HCN under different reaction conditions 



